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Abstract
When NASA begins lunar construction, various types of site clearance
equipment will be required. We assume lunar construction require-~
ments will dictate the use of a type of equipment to dig trenches and
foundations, the lunar equivalent of a backhoe. This paper describes
the results of a project by a group of five M.E. students to design

a lunar backhoe.



Problem Statement

Background
NASA has recently started some preliminary design studies for a

lunar base. The proposed lunar base has created a need for several
types of site clearance equipment to be designed for the lunar en-
viromment. We decided to design the equivalent of an earthmoving
backhoe. Dragline and blower type pleces of equipment were considered
as alternatives but discarded in favor of the more traditional back-
hoe type.

It was decided a lunar backhoe with capabilities similar to a
tractor mounted earth backhoe would be the most versatile and also
sufficiex;t for most demands. The design will be constrained by the
cargo capacity of the present space shuttle system. Other constraints
will be imposed by the lunar environment, such as extremes of tem-
perature and low pressure. The design will also have to take into
account the lower lunar gravity and the characteristics of the lunar
regolith,

Performance Objectives

Digging Depth 10 feet
Digging radius from swing pivot 12 feet
Loading height 10 feet
Loading reach 10 feet
Swing arc 155°
Digging force 10,000 lbf

Design life 1 Earth year



Constraints

Environmental temperature
Hydraulic supply pressure
Hydraulic supply flow
Sige

Welight

Radiation

-100 to 130°%

2250 psi

25 gpn

60 x 15 feet
65000 1b, on Earth

f
Resistant



Detailed Description




Materials

Materials selection for this project was critical. The most im-
portant factor involved is the temperature range of -100 to 130 °C 1n
which the materials had to operate. The upper 1limit is of little
practical importance since most materials have good mechanical prop-
erties at that range, but the lower limit is a limiting factor. Metals
and polymers tend to be ductile at high temperatures and brittle at
low temperatures, and the temperature at which the material changes
from mostly ductile to mostly brittle behavior 1s the transition
temperature (TT). Materials with high TT's become very brittle at
low tempegatures, and will propagate cracks to the extent that failure
will occur below the ultimate tensile stress. This becomes very
important because low temperature brittle behavior will cause fallure
during shock loading and our equipment is likely to experience
a great deal of shock. Except for the lowering of the TT, other
mechanical properties are improved at low temperatures, such as ultimate
tensile strength, yield strength, and hardness. Static and light loads
are not problems at low temperatures.

Irradiation is another conslderation in the material selection,
and the single significant effect of irradiation is a decrease in the
TT. Most studies of irradiated metals involve those used for nuclear
reactors where the radiation is magnitudes greater than on the lunar
surface, For a design life of less than two or three years, the
irradiation effect will be negligible, with only a slight increase in

brittle behavior. Should the design 1life be lengthened, a céating would




be necessary to protect the metal. Such coatings are typically lead-
base or, oddly enough, uranium. Our short design life requires no
special treatments.

The final major consideration is the strength-to-welght ratio.

Our materials should be lightweizht, since transportation to the moon
is likely to be an important factor, and they should be strong enough
to operate safely and not produce a bulky design. For these reasons,
a material with high strength-to-weight ratlos 1s‘ necessary.

Several types of materials were examined. In metals, fcc struc-
tures are by far the best for low temperatures, since the high nmumber
of slip systems allow ductlle behavior. Steels are hard and strong, but
have TT's of about -60°C and become quite brittle. There are two
austentitic, low-carbon steels, one with .0%%C, 3.5%/Ni and another
with .09%C, 8.5%Ni which are suitable for low temperature loading.
They are quite strong and hard and have mechanical propertlies very
close to those of other steels. Other alloying elements which help
low-temperature properties are manganese (up to 1.3%)and silicon (up
to 0.6%), but sulphur, copper and phosphorous should be kept to a mini-
mum. The 8.3%N1 steel is somewhat stronger at higher temperatures than
the 3.49%Ni steel.

Aluminum alloys seemed to be very good due to their high strength-
to-welght ratios and fcc structure, and most alloys are ductile, shock~
resistant, and display no blatant change from ductile to brittle be-
havior. Magnesium is the most beneficial alloying element, and Al-Mg
alloys perform well at temperatures as low as -162°C. The 2000 and 7000
series are mostly used in alreraft applications; the 2000 series have

good properties up to about 180°C after which their strengths reduce



gradually, and the 7000 series acts similarly up to about 1 50°C.
Both have high strengths, moderate hardness and good ductility, with
the 7000 series being somewhat stronger. The recent Al-Li alloys are
emerging as excellent alloys for strength at low temperatures, but
they are not fully tested and tend to show poor fracture toughness
and exhorbitant prices.

Several other materials were also considered. Cast irons were far
too btrittle to be used. Titanium alloys have high strength-to-weight
ratios, but their hcp structure caused a fairly high TT. Magnesium
alloys are often used for satellites, but they proved useful for only
static-and 1light loading due to the hcp structure. Graphite reinforced
composites are emerging as high strength, lightweight materials for
use in fighter airplanes, but there is very little test data available
and they are extremely high priced.

The backhoe design uses three different materials for its struc-
ture. The large body members are to be cast from A1-7075. This alloy
was chosen for its good low-temperature ductility, high strength-to-
welght ratio, and good castability. A cast design is to be used as
opposed to welds; and it will be fastened with bolts and rivets.
Welding will allow cracks to propagate and fracture the material under
brittle conditions, thus it was found that 20% of the hulls of "all-
welded” ships early in WWII cracked completely across in cold northern
waters. Bolt holes will be located away from highly stressed regions.
Smaller members which will not experience heavy shocks will be cast
or drawn from A1-2024. This is the material used for most of the lunar
rover, and it is strong and light. The third material is a steel con-
taining 0.0%%C, 3.9%Ni, 0.3%Si, 1.2%Mn and other trace elements; it is

double normalized at 1650°F and 1450°F, followed by reheating to
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1050°C, and air cooling. It is to be used for the pins, btucket teeth,

and the interface with the prize mover. It was chosen because the steel
i1s much harder than aluminum alloys, and it performs much better at the
high temperatures which might be experienced by these parts. A \decision

natrix for materials selection is located in the Appendix.



Lubrication
Lubrication will be very important to the design. An organic solid
film lubricant is needed for a space environment, and the main cri-
terlon is the friction coefficlient which should be less than that of
a 0.001 inch thick film of gold. The following are the requirements
of the lubricant:

(1) Resist degradation from air and water vapor during prepara-
tion for launch.

(2) wWithstand loads, acceleration and vitrations during launch.

(3) Be nearly unaffected by the temperature ranges during
launch and in use.

(4) Be stable at very low pressure.

(5) “Have low friction coefficient.

(6) Have long wear life.

(7) Resist radiation.

The lubricant must be applied to a clean surface. It is first
filtered, then mixed with a binder and fluid dispersant (usually water).
It is applied with a dry nitrogen air brush, then air dried in an air-
circulating oven.

Selection of the binder is also critical; it must meet the following:

(1) 1Insoluble and non-reactive in water,

(2) Melting temperature greater than 560°F,

(3) Resist oxidation at temperatures below 400°F,

(4) Low vapor pressure at 400°F.

(5) Must cure at temperatures low enough not to affect heat
treating properties of the metals,

Fortunately, NASA conducted experiments over a vast number of

lubricants and binders. Using thelr information, a selection can be




made which will suit our particular requirements:

Lubricant Binder
Light Loads: MoS, and graphite bismuth and

sodium silicate

MoS2 and graphite and
gold and bismuth sodium silicate

Heavy Loads:
These lubricants and binders were the result of intensive research by
NASA in 1963. Although the information is over twenty years old, the
lubricant and binder are more than sufficient for ou purposes, es-
pecially since our design life is approximately one year. An added
advantage of these lubricants is that there is no maintenance which

needs to be performed after application.

-



Ergonomics for the Controls

The controls for the backhoe were arranged so that they could be
operated by an astronaut wearing the current shuttle spacesuit. Since
any changes in space sult design will probably be to increase their
mobility or utility, this control arrangement should be acceptable to
most present and future astronmauts. The design is also in agreement
with SAE standards for the type and arrangement of controls for back-
hoe operation. All control movements are the same as these on regular
backhoes and are labeled with simple pictographs.

The spacesuit allows approximately 85% of nude range mobility;
however, this 1s an average and while some movements are almost normal,
some a.r_e‘severely restrained. The vision of the astronaut is confined
to a 120° arc from side to side in the horizontal plane. Placing the
operator directly behind the backhoe arm in a fixed seat would have
meant that whenever the arm was swiveled to one side it would have been
beyond the operator's range of vision. This problem was resolved by
placing the operator along side the boom so that he rotates with 1it.
All of the control levers have been positioned so that they will be
within the optimum area for one or two handed operation for a crewman
seated at the control station. The spacesult will allow the astronaut
t0 lean side to side from the vertical by 300. The control arrange-
ment allows the two main controlers to be operated even in this extreme
position.

The seat deslign is derived from that used on the lunar rover which
was nylon webbing on an. aluminum frame. This arrangement is both
lightweight and provides a degree of vibration isolation. In this case,
the webbing will be made out of a Ke¥lar based fabric which is quite a

bit stronger than nylon. The seat has been proportioned for a man




wearing the current portable life support system (PLSS) which will
rest directly against the back of the seat. No armrests have been
placed on the seat so as to allow the crewmember as much lateral
movement possible. A gradb bar runs along the top of the control
panel to help the astronaut to get into and out of the seat. This
was necessary because the astronaut i1s sitting with his walst at an
angle of 90° which is about as far forward as he can bend. While
this provides a maximum amount of forward vision over the control
panel, it also makes it quite difficult to get out of the seat un-
less there is something for the operator to pull himself up with. A
seat belt is provided to ensure that the operator will remain in the
seat. " \

The control station itself is made from A1-2024 and access to
control valves is allowed by removing a panel at the rear of the con-
trol station. All hydraulic lines run from the control valve out the

bottom of the control station.



Bulldogzer-Backhoe Interface

The interface between the bulldozer and the backhoe is a major
structural component of the backhoe. Due to the large loads en- /
countered it is made predominantly of the 3.5%Ni steel specified,
although a few components are made of A1-2024. Fasteners consist
mainly of rivets in the interest of low maintenance. Welding and
bolting were investigated as fasteners but were discounted; welding
due to embrittlement at low temperatures and bolting due to high ‘
maintenance requirements.

The backhoe 1s attached to the bulldézer by a four point hitc\h.
Fairly common on Earth construction equipment, it provides a stable
mount t;itﬁ ease of attachment. It can easily be scaled up or down
to fit various size. requirements of the bulldozer or the backhoe.

The boom 1s attached at a pivot point where it is free to swing
through an arc of approximately 160°. It is a bottom mounted boom where
the boom is mounted below the boom cylinder; this best serves the
purpose of protecting the boom cylinder from any flying debris.

The control cell, consisting of the operator's chair and control
panel, is mounted to one side of the boom in such a way that as the
boom pivots, it also rotates the operator's chalr. Thus the operator
will always have a relatively unobstructed, straight ahead view of the
area he 1s digging; this is important due to his reduced field of
vision through the astronaut helmet. Since the control cell is mounted
to one side of the boom, it limits the angle of swing on that side.
The design allows a 90° swing away from the control chalr and a 60°

swing toward the control chair.




The boom swing is controlled by two hydraulic cylinders mounted
to the main frame plate. A rack and pinion controlled swing was in-
vestigated, but a two cylinder arrangement is easier to maintain and
mount. A hydraulic manifold will be mounted near the ma;n pivot
point to allow easy maintenance and orderly routing of hydraulic lines.
Mounting points were provided for stabilizer arms. It was declided that
Earth style stabiligzer arms mamufactured with standard steel would
be adequate since there will be little if any shock to the stabilizers.
If the construction needs dictated backhoe use in an unstable soil en-

viromment, longer arms and larger feet could be retro-fitted with very
1little troubdble.
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Hazard Analysis




Fallure

There are three categories into which failure occurs, failure
of members, faillure of hydraulic cylinders and failure of hoses.
There are two ways a member can fail, it can yleld or it can frac-
ture, At the low temperature conditions, any failure that would occur
would be brittle fracture. Since the materials were chosen very care-
fully, there is very little chance of this happening. At the high
temperature conditions, failure will generally be due to yielding,
and if the load increases, fracture. This is somewhat more likely
since the temperatures near the pins might get higher than amblent,
where the yield strength of Al1-7075 begins to decline. To protect
agains‘!: this, our design incorporated tuilt-up areas near the pins.
Since stress equals load divided by area, a larger area reduces stress.
Our design should have been more than adequate to avolid yleld. The
consequences of fracture are rather sever; there will be no practlical
way to repair it, and there will be no replacement. It is not so bad
if a member yields. First, the operator will see the strain if he
attempts to overload, and most likely reduce the load. Most of the

strain he can see will be elastic straln with no permanent effects on

the member. Should there be some permanent deformation, it will probably

not affect the backhoe drastically; it will still work.

The hydraulic cylinders can also fail, and they are somewhat
complicated internally. If there is a probleni inside a oylinder, an
operator could probably fix it with a few hours inside an airlock, but

not necessarily. It is much more practical to bring extra cylinders as

replacements. This eliminates operator repair to looséning and tighten-

ing two bolts. It is rather unlikely for the cylinders to fail intern-




ally, btut a much more common fallure is the failure of an outer O-ring.
In this event, the operator will replace the O-ring, requiring removal
of the cylinder. The repair can be done in a few mimites inside the
ailrlock, and is very simple requiring no tools.

The hoses and couplings can also fall, although it is very unlikely.
Should a hose fail, 1t would probably be a small leak ard could be re-
palred inside an airlock, or possibly even outside. Should the hose
fail and be non-repairable it will need to be replaced. It will in-
volve somewhat complicated work outside, but it can be done. If
either a hose or cylinder fail, it will only leave part of the backhoe
non-functional. It is likely that a great deal of the project will be
finished by then, and a partially functional backhoe might be adequate

to finish the project.




Use and Misuse

The backhoe 1s desligned to dig holes and trenches on the lunar
surface. It is attached to the back of a prime mover, and anytime the
backhoe needs to move to another position, the prime mover must be
moved. The backhoe can also be used to 1ift and move other objects
like a large arm.

There are several ways in which an operator can cause problems by
not being careful. The first problem which he might encounter is
moving the backhoe from the transporter to the prime mover, and attaching
it. Most 1likely, he will only move it a short distance, and since the
procedures for attachment are very simple, there should not be any
ma jor ;)fo’blems.

The backhoe is supplied with a seat belt, which should be worn
when the operator is on the backhoe. If the operator does not use it,
there is a possibility of falling off the backhoe. In many circum-
stances, even this will not be a problem, but if the prime mover is
being moved at the time, the operator might be run over. It is also
possible for him to fall onto the backhoe mechanism or in the hole
being dug; elther case could damage his spacesult or hurt him.

If the operator applies a high force to the backhoe at very high
temperatures, there is a possibility that heated portions near the pins
will begin the yilelding process. The initial deformation is temporary
elastic strain, but a higher force will cause permanent deformation.
These high forces are most likely to occur during digging rather than
1lifting due to the low gravity force. If the operator notices the

yield, he should remove the force and use another approach, but if he



does not notice or contimues to force the member, plastic deformation
might occur. If the force is raised even higher and contimued, there
is a chance of fracture. Both these circumstances are very unlikely,
since the operator will be in a positlon to constantly see the members.

Another problem for the operator is due to the intensity of the
sun. If he catches a strong reflection off a mirror or shiny surface,
it is possible for him to harm his eyes. Hopefully he will be aware
of this possibility, take care not to casually look around, and be
aware of reflective surfaces.

Due to the looseness of the lunar soll, it will noyé;pport itself
around holes like Earth soil. With the range of motion of the backhoe,
it 1s ﬁ;séible to undermine the backhoe itself, and have it fall into
the hole. The operator should be aware of this, and take care not to
dig out the soil that supports him.

It 1s also possible due to carelessness or lack of peripheral
vision, to hit something when the backhoe rotates. Thils will not cause
failure of the backhoe, but it could either jolt the operator or hit an-
other astronaut. Since the backhoe is designed to move slowly, this
can happen only with extreme carelessness. Nobody need be near the back-
hoe while it is operating and there wlll probably not be a great deal
of equipment near the hole.

Since the momentum of objects is the same and the frictional
force of objects on the surface is one sixth on the moon as on Earth,
sildeways swings could rotate the whole prime mover in its attempt to
stop it. This would only be a problem on slopes, and since the back-
hoe rotates slowly, thls wlll generally not happen. However, the opera-
tor should be aware of the possibility.

The final possibility of misuse deals with the use of the back-:

RS




hoe. Should it be used improperly, the vehicle could be lifted from
the surface or tipped over. It is important for the operator to become

familiar with the equipment on Earth under safe conditions before he

needs to use it on the moon.




Maintenance, Operation, and Tests
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Maintenance

The only regular maintenance required for our design involves
the hydraulic system. The simplest way to assess the condition is to
regularly check the fluld level; if it is low, there is proba.blyl a leak
in a hose or valve and it must be investigated. For extended usage,
there would be other mainténance to perform on both the backhoe and
the prime mover. Lines should be cleaned periodically and the system
should be checked for pressure. On the prime mover, the fluid would
need to be drained and changed, and the fluid filter cleaned or re-
placed. This maintenance will not be necessary, however, over the
short-term, and generally involves the hydraulic system of the prime
nover £a:bfxer than the backhoe itself. The lubrication process need only
be performed once, before the launch. Should there be a problem, the
operator will have some spray lubricant which can be used in the space

enviromment.




Spare Parts

Most parts that are subject to faillure should be included as
spare parts, with the exception of the major structural members.

The most important part of the backhoe besides the structural members is
the control valve. The valve is not expected to fail during use, and
since it is very heavy, it might be desirable not to bring a spare.

The problem is that if it fails unexpectedly, the backhoe will not
operate., Our recommendation is that if there is room for an extra,

1t should be taken. There should definitely be an extra spring-binding
and some extra O-rings since these are the most common failures.

Other major components are the hydraulic cylinders. There should
be at iea;t one spare cylinder for each size; this avoids the problem
of trying to repair a cylinder. If however, two cylinders of the same
size fall, it would be wise to have spare V-packings, wear rirgs,
and snap rings for each size in order to deal with an emergency. There
should be several O-rings taken as spare since these often fail, and
they are simple to replace. Also the equipment needed to replace these
parts must be included.

There 1s a variety of other parts that should also be taken.

Pins of each size should be included since a yield of pins due to high
forces is a slight possibility. Extra hydraulic hose and couplings
should be av;ilable in case the hose fails during use. It will Ye
necessary to have rudimentary tools to perform the replacement opera-
tions, and a spray can of solid lubricant should be included (care
must be taken to insure that it is not under high pressure). Extra
hydraulic fluid, filters and a hydraulic pump will also be necessary

to maintain the prime mover in operable condition.
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(2)
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Backhoe Operating Instructions

When the operator is seated, he should secure himself with
the seatbelt.

The two short levers on either side of the control panel
control the stabllizers. Pushing forward raises the stabili-
zers. Pulling back lowers the stabilizers.

The two central levers control the motion of the boom, dipper-
stick, and bucket. For the left lever:
Pushing forward raises the dipperstick,
Pulling back lowers the dipperstick.
Moving right rotates the boom to the right.
Moving left rotates the boom to the left.
For the right lever:
Pushing forward lowers the boom.
Pulling back raises the boom.
Moving right empties the bucket.
Moving left causes the bucket to scoop up soil.



(1)
(2)

(3)

(%)

(1)

(2)
(3

C))

(5)

Attaching Backhoe to Bulldoger

Attach the pressure and return hoses.

Raise the backhoe mainframe with the hydraulic system by
extending the stabllizers.

Back the bulldozer to align the attaching points with the
backhoe mainframe.

Secure each side of the mainframe to the bulidozer.

Separating Backhoe from Bulldozer

Lower the stabilizers until they are supporting the weight of
the backhoe. Retract the bucket and dipperstick and extend
the boom cylinder until the backhoe is fully extended and
resting on the gound.

Detach the backhoe mainframe from the bulldoger.

Retract the stabllizers until the mainframe is resting on the
ground tilted slightly forward.

Relieve pressure in the hydraulic system by shutting off the
hydraulic pressure to the backhoe and operating all of the
control valves.

Disconnect the pressure and return hoses,




Hydraulic Circult Tests

Test the valves for leaks as follows:

(1) Raise the loaded bucket a few feet off the ground and
shut off the hydraulic pressure to the backhoe.

(2) Disconnect the dumpline from the control valve.

(3) If the load settles and oll is leaking past the control
valve, 0il will leak from the disconnected oil line.

(4) Reconnect the line and lower the btucket to the ground.

Performance Test

A close estimate of the backhoe performance could be obtained
on Earth by replacing the backhoe'’s current bucket with one of a smaller
volume: and conduct testing on loose, rocky soil similar to lunar
regolith. The change in conditions will not alter the digging force,
but it will alter the 1lifting force. A bucket of the proper size
vwould approximate these conditions fairly well. The purpose of the
performance testing is not only to test the ability of the backhoe
to function, but also to help the operator become familiar with it

under safe conditions.




Conclusions




Conclusions and Recommendations

The design of this backhoe is very similar to conventional
earthmoving equipment, however significant changes had to be made to
adapt to the lunar environment. The major envirommental considerations
were the temperature extremes and low pressure; radiation did nol present -
major problems for the short term. Since the backhoe will have to be
transported by the space shuttle and then ferried to the moon, materials
with a high strength-to-weight ratio were also required. The final
design uses a combination of A1-2024, Al1-7075, and 3.5%Ni steel. The
lubricant had to survive under the same envirommental conditions, and
two M082 based lubricants with two different binders were selected.

It was important to use a design which could be easily maintained
and repaired in a lunar enviromment. This design also had to be usable
by someone wearing a spacesuit. The control cell had to be placed so
that the operator rotated with the boom to allow greater visibility.

The controls had to be arranged so that they would be convenient for

a person in a spacesuit who 1is simllar to a severely handicapped person.
The actual operation of the backhoe is a straightforward process almost
exactly like conventional backhoes, and the control layout follows

SAE standards. The tulldozer-backhoe interface consists of a con-
ventional four-point hitch.

There are certain topics which we would have investigated further
if we would have had the time. One aspect which can be improved upon is
the fold-up characteristics of the backhoe assembly. Since there is
a. limited amount of room on shuttles, it is important to make the best
use of the room provided. Our design will fit inside the compartment,

but not in as efficient a manner as possible,



Another aspect of improvement has to do with the maintenance of the
backhoe. The suggestions for furtherfgggwﬁggng hydraulic cylinders of
the same size fo; as many parts as possible and designing quick-release
mechanisms for all parts which might need to be removed for repair or
maintanance. This would allow for fewer spare parts and simpler repair.
The pins could also be made to be the same sige.

Although our design 1s probably very adequate, it might be possible
to improve upon it by extensively designing each member of the backhoe
to a greater extent, our group was constrained by time. Also, the use
of graphite reinforced composites should be investigated to a greater
depth. Since they are on the leading of present technology, it might
involve extensive research of very recent perlodicals and reports. This
information is subject to be very difficult to obtain and work with.
Alumimm-Lithium alloys might also be investigated.

The surface preparations for our design were deemed to be unnecessary,
but there might be other factors which we did not consider. Radiation
might not be a problem, but the different environment might produce a
situation in which a surface preparation might be desired. Of concern
is the aluminum and steel interfaces, and they might need some sort of
protective coating in order to perform properly during use.

Other work can still be done to investigate the effects of the lunar
enviromment on the hoses and hydraulic fluid. Our design called for the
use of a non-water base hydraulic fluild and metallic hoses. Our project
did not include a detailed cost analysis, and if such an analysis is
required, it would also be the toplc for more work. It is likely that
the neRt lunar mission might not have the unlimited budget that the first
lunar missions essentially enjoyed, and the mission might even have to

be economically profitable using income from experiments or mining.




Our project lald the basic groundwork for a more detailed project
which has a longer time span in which to work with. Although we feel
this design is very competent, it is by no means ready to be manufactured
and put into use. Our report explains the areas in which we concentrated

our efforts, and the conclusion explains where future efforts might be

directed.
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Detalled Drawings
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ME 4182 WEEKLY PROGRESS REPORT

PERIOD: T January THRU: M,__J_an_uar_y TEAM NO.: TU _5:30

TITLE: Design of a Lunar Backhoe Implement

COMMENTS: OQur first week as a group was essentially organizational.
We determined who was to be a group leader and exchanged infor-
mation about how to contact each other. Our project is to design
a backhoe which can be transported to the moon by a space shuttle,
and can be used on the lunar surface as an aid to constructing a
space station. This project was initiated by NASA and refined by
Dr. Brazell. Our immediate problem was lack of information about
the moon,the shuttle, backhoes, and requirements and specifications
from NASA. We began by assigning areas of particular research
to each group member. We planned our next meeting to include
exchanging information, brainstorming for ideas, and determing
new duties.

NAME, INITIALS S ENGINEERING ?gggzIClAN CLERICAL TOTAL
1) Emerick, J. - - 10 10
2) Gambino, C. - - 8 8
3) Hitchcock, J. - - 7 7
4) Hotchkiss, J. | - - 9 9
5) Rinz, w.J. - - 8 8
6) |
- TOTALS = A2 42




ME 4182 WEEKLY

PROGRESS  REPORT

PERIOD: January 15 THRU: mzl TEAM NO.:

TITLE: Design of a Lunar Backhoe Implement

COMMENTS:

Research was done to educate the members of the

group. The topics researched included earth construction

equipment, NASA lunar surface; lunar base; lunar surface

travel; and lunar rover research reports.

were "also contacted for their manufactured equipment

Qutside vendors

specifications. Our brainstorming yielded ideas of equip-

ment resembling draglines, blowers, vacuums, and lunar

surface solidifiers.

NAME, INITIALS ENGINEERING }I{ggSSICIAN CLERICAL TOTAL
1) Emerick, J. - - 8 8
2) Gambino, C. | - - 9 9
3) Hitchcock, J. - - 9 9
4) Hotchkiss, J. - - 8 8
5)Rinz, W.J. - - 8 8
6)
TOTALS = 42 42

O e
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PERIGD: Janpary 22

ME 4182 WEEKLY PROGRESS

THRU: _Japuary 29

VITLE: Degign of a Iunar Backhoe Implement

REPORT

TEAM NO.: TU 5:30

COMMENTS:

At our weekly meeting, we expressed a need for more

extensive research of the literature.

are continuing are:

1.
2.
To- 3,
4.
5
6.
7.

ergonomic design of control panel
power requirements

hydraulic cylinder requirements
materials

force requirements

current backhoe designs

any additional paramenters

The topics which we

We are assuming that we are going to be getting some infor-

mation from NASA which will aid us in our literature search.

HOURS

NAME, INITIALS ENGINEERING TECANICIAN CLERICAL  TOTAL
1) Emerick, J. - - 9 9
2) Gambino, C. - - 10 10
3) Hitchcock, J. - - 9 9
4) Hotchkiss, J. - - 10 10
5) Rinz, W.J. - - 11 1
6)

TOTALS = - - 49 49
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ME 4182 WEEKLY PROGRESS REPORT
'PERIOD: 29 January THRU: 05 February TEAM NO.: TU- 5:30
TITLE: Design of a Lunar Excavator

COMMENTS 2 The technical literature search continues. The Georgia
Tech Library remains the primary source of information. The topics
under investigation include; the man-machine interface, materials,
hydraulic systems and other power sources, testing and evaluation
procedures, force requirements, controlling devices, methods
of attafchment to a primary mover.
The report outline has been prepared and submitted
along with this report.:
- In the coming week a specific design idea will be
selected and the solution to the problems entailed will begin.
Along with the creative input, the areas of responsi-
bility of each team member is as follows:

Emerick, J.- materials and effects of radiation

Gambino, C.- use of hydraulics and alternatives

Hitchcock, J.- possible test procedures and lunar surface

Hotchkiss, J.- man-machine interface, space suits

Rinz, W.-~ force requirements, materials, radiation effects,
report outline

NAME, INITIALS : ENGINEERING ?gggSICIAN CLERICAL TOTAL
1) Emerick, J. 1 6 7
2) Gambino, C. 1 6.5 7.5
3) Hitchcock J. 1 | 6 7
4) Hotchkiss, J. | 1 7 8
5) Rinz, W. 1 7 8
6)

TOTALS = 5 32.5 37.5




ME 4182 WEEKLY PROGRESS REPORY
PERIOD: 6 _FERRIIARY THRU: 19 _FEBRUARY TEAM NO.: TU=5:30
TITLE: Design of a Backhoe Implement for Lunar Excavation

COMMENTS:  The 12 February meeting was cancelled due to inclimate
weather. There were three lengthy group _meetings conducted during
this period to consolidate research information and to make design
decisions. :

It has been determined that the final design will be
that of an implement which can be attached to a prime mover.
The prime mover will be the dozer and attachment will be to the
rear end. A communications link has been established with the
dozer design group to avoid compatability problems.

The primary areas of responsibility of the individual
group members are as follows:
Emerick,J.- materials, coatings, patent information, report format
Gambino,C.~ hydraulic specs., force analysis, drawings, progress rep.
Hitchcock,J.~- implement-dozer interface, possible use of composites
Hotchkiss,J.~ controls, environmental conditions, Ergonomics
Rinz, W.J.- pin lubrication, maintenance, computer programming

In the coming week the design will be such that specific
problems can be addressed and solved so that work on the final
drawings may begin. The literature will be assembled so that the
work on the rough draft of the report may begin as well.The drawings
are to be submitted by 26 February, the rough draft by 5 March.

NAME, INITIALS  ~ ENGINEERING ?ggSSICIAN CLERICAL  TOTAL
1) Emerick, J. 12 8 20
2) Gambino, C. 2 8 10 20
. 3) Hitchcock, J. 4 7 9 20
(’y 4) Hotchkiss, J. 4 8 10 22
5) Rinz, W.J. 4 9 8 21
6)
] TOTALS = an

44 45 1013
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ME 4182 WEEXLY PROGRESS  REPORT
PERIOD: 49 February THRU: 26 February TEAM NO.: Ty 8330
TITLE: _ pesign of a Lunar Backhoe Implement

COMMENTS: Progress has been impeded by the clerical activities
associated with the specifications of the design solution. The
group: gontact between ourselves and the dozer groups has been
difficult to arrange. This has made it impossible to develop a
complete solution to the problem of the implemeng-dozer interface.
As a result there was not sufficient information available to
start the final drawings in order that they may be finished by
26 February. It is expected that the drawings will be complete
by 28 February.

- The assembly of materials necessary to complete the
rough draft of the report has begun. No delays in the completion

-of the draft are expected. Contact has been made with area vendors

so that part numbers and specifications can be obtained.
The integration of the computer for use in the analysis

of this and similar designs is developing well and will be com-
pleted by the report due date.

NAME, INITIALS : ENGINEERING ?ggSSICIAN CLERICAL TOTAL
1) Emerick,J. 3 o) IS 18
2) Gambino,C. 4 4 ’ /3 2 (
3) Hitchcock,J. Ky 5 é /6
4) Hotchkiss,Jd. 7 o | =3 1 2~
5) Rinz,W.J. (A o A /2
6)

TO0TALS =
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RECOMMENDED SECURITY REC. OF
CONTRACT NO. CLASSIFICATION INV. NO.
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2. DEPARTMENT QR DIVISION

Mechanical Engineering, Georgla Tech

DATES GF EMPLOYMENT

’ "6/81 to 6/85

‘CesTEI N e BER33 65, At idnta, GA 30332

$ETAFo1 (816) | =g

*220% Crestiins Br., kirkivifie, M0 63501

(8163 665-3457

[3 .dﬁ {s) eo mggss {£S) OF CO- INVENTORS { 1 any )

Jim Hitchcock

John Hotchkiss Bill Rinz

7. UESCRIPTIVE TiTLE OF INVENTION

Lunar Excavator

LIST DRAWINGS S(ETLfS PHOTOS , REPORTS . DESCRIPTIONS , NOTEBOOK ENT‘“ES €IC, WHICH SH@WDESCRI'E INVENTION

*Design of a funar Excavator

9. EARLIEST CATA AND PLACE INVENTION WAS CONCE IVED ( Brief outline of circumstances)

1/8/85 Georgia Tech class of ME 4182

l()1 ﬁbﬁ%ACE QF FIRSYT SKETCH, DRAWING OR PHOTO

11375m5¢u(‘c&ro'1|‘i§ leWecﬁcman

12, DISCLOSURE OF INVENTION TO OTHERS
FORM OF DATE AND PLACE nﬁ;W
NAME . TITLE AND ADDRESS o15CLOSURE oF o1scLosmE ( 355 o::‘:g)

none

12.A IMPORTANT . HAVE aNY PUBLICATIONS. OR REPORTS BEEN MADE ON THIS INVENTION?

13. DATE AND PLACE OF COMPLETION OF FIRST OPERATING MODEL OR FULL S1ZE DEVICE

13, PRESINT LOCATION OF MODEL

15, CATE, PLACE, DESCRIPTION AND RESULYS OF FIRST TEST OR OPERAT ION

Form EES 304 Page 1




16. NAMES AND ADDRESSES OF WITNESSES OF FIRST TEST
-

v 17. DATE. PLACE. DESCRiPT1ON AND RESULTS OF LATER TESTS (name witnesses)

1B. IDENTIFY RECORDS OF TESTS AND GIVE PRESENT LOCAT{ON OF RECORDS
-

19. PKIOR REFORTS OH RECORDS OF INVENTION TO WHICH INVENTION IS RELATED

20. OTHER KNOWN CLOSELY RELATED PATENTS, PATENT APPLICATIONS AND PUBLICATIONS

PATENT OR
DATE
APPLICATION NO.

TITLE OF INVENTION OR PUBLISKHED ARTICLE

NAME OF PUBLICATION

21. EXTENT OF USE: PAST, PRESENT AND CONTEMPLATED {Give dates, places and other pertinent details)

Possible use by 1995 for lunar construction

22. DETAILS OF INVENTION HAVE BEEN RELEASED TO THE FOLLOWING COMPANIES OR ACTIVITIES

NAVE AND ADDRESS

IND IVIDUAL OR REPRESENTATIVE

CONTRACT NO.

DATE

Georgla Tech

Dr. Brazell

R’

SIGNATURE OF INVENTOR

we - 5F8




* RECORD OF INVENTION - Part Il

(Attach to Record of invention Part I}
REC. OF

INY. NO.

This Disclosure of Invention should be written up in the inventm's own words
and generally should follow the outline given below. Sketches, prints, photos
and other iilustrations as well as reportz of any nature in which the invention
in referred to, if avaiiable, should form a pert of this disclosuwre and reference
can b2 mads thereto in the demcription of construction and operstion.

<.

INVEMTORS NAME {S)

.John Emerick, Chris Gambino, Jim Hitcheack, John Hotchkiss, Bill Ring
T.ILE OF

YHVYONTION

Lunar Ekcavator

For answers tc following questions use remainder of sheet and attach extra sheets if necessary.

GENERAL PURFOSE OF INVENTION. STATE IN GENERAL
TERMS THE OBJECTS OF THE INVENTION,

GIVE DETAILS OF THE OPERATION IF NOT ALREADY
DESCR!BED UNDER 6.

~l
.

DESCRIBE OLD METHOD (S 1F ANY, OF PERFORMING THE 8. STATE THF ADVANTAGES OF YOUR INVENTION OVER WHAT
FUNCT!ON OF THE INVENTION. HAS BEEN DONE BEFORE.

INDICATE THE DISADVANTAGES OF THE OLD MEANS OR GEVICE {S). 9. INDICATE ANY ALTERNATE METHODS OF CONSTRUCT!ON.

DESCRIBE THE CONSTRUCTION OF YOUR INVENTION, SHOW- 10, IF A JOINT INVENTION, INDICATE WHAT CONTRIBUT!ON

ING THE CHANGES, ADDITIONS AND IMPROVEMENRTS OVER
THE OLD MEANS OR DEVICES

12,

WAS MADE BY FACH INVENTOR.

11. FEATURES WHICH ARE BELIEVED TO RE NEW.

-

AFTER THE DISCLOSURE 1S PREPARED. [T SHOULD BE SIGNED BY THE INVENTOR(S)., AND THEN READ AND SIGNED AT

THE BOTTOM OF EACH PAGE BY TWO WITNESSES USING THE FOLLOWING STATEMENT:
“*DISCLOSED TO AND UNDERSTOOD BY ME THISacao.- «=DAY OF oo .19...

SIGHATURE ceeecana erercamcecvae e ————— -t

The purpose of our invention is to make an excavator for use on
the moon. We know of no present excavators for this purpose. All
features are believed to be new. Design of a Lunar Excavator describes
our invention fully.

-’

't
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.'“""""“Vhltutlt EVUTNOER T LRNE Y iE

_PROGRAN BACKNOE {INPUT, QUTPUT TAPESCINPUT TAPESIBUTPUT)

PROGRAN SACKNOR IS AN AIP TO PACKNOE DESIGN.
PARY 1

™,
OIPPER STICK LENGTH, AND THRIR RANGES OF NOTVION,
TNll SECTION DETERMINES THE oM aND DIPPER
TICK SHAPE AND THE MINIMUM AND MAXIMUM

"REOUTNNE

PARTY I1I
GIVEN A MINTMUM LDAD TO SE CARRIED AT THE

OF MOTION, YHIS SECTION DEVERMINES THE FORCES
T BACH PIN AND THE MININUM HYDRAULIC CYLINDER
ORE AREA REQUIRED FOR A GCIVAN BVSTEM PRESSURE.

PARRYHE OV TTWOEN N 265 HaAVE SHEN DETENMINED,
THE LIFY CAPACITY THROUGHOUT THE
®OTION 1§ ESTIMATED.

RATE, THIS SECTION DETERMINES LINK
veLpoCITIRS .

CURRENT PROGRAM PROGRESS:
PARY 1 - COMPLETE
PART 11 < _INCOMPLETE

FARY ITT - INCOWAPLEYY

NOYES ON VYECTOR NOTATION:

R - DENOTES A DISPLACENMENT VECTOR
¥ - DENDTES A VELOCIYY VECYOR
A - DIUDYES AN ACCELERATION VECTOR

TR EYVES
rnl DIRECTION OF A VECTOR
(DIRECYION AngLE)
"""""" EXRPUANAYY SN "OF "WOMBNCTAYUNR:
MAGNITUDE
ROA - WAGMITUDE OF THE VECTOR FROM POINY A
YO PUINT ¥
uta:crlou

THE DIRECTION ANSLE THAT |

| 4
REFERENCE FROM WHICK THE DIRECTION
ANGLES ARE WMEASURED IS MOTED IN EACH
SECTION. ALL DIRECTION ANGLES ARE

13
DIRECTION. -
KV
PART I
RBA + BOOM PIVOT LENGCTH
REBE + BOOM LENGTH
] TR
REG * OIPPER STICK LENGYH
RFD s« DIPPER BTICK CYLINDER LENBYH

DECLARE VARIABLES:

PART 1
REAL R3A, THA, RAEZ, TAE., SNMAX, SMMIN, SHMs
REAL C. X, 21, 22, RAC. TAL

[y . . In, YL@
REAL CAMMAY, REG, TEG, DPMAX, DPMIN, DPMS
llAL ROE, TDE., RDA, TOA
rFQ, l?bﬂll RFOMIN, TFD

'""""”iIAL"P!'“7'!'"¢lﬁﬁd2“"ﬁ' YEr. BNt

REAL X, YO, v, Pr3]

REAL RAD, DBRG

INTEGER I, N

RCEMAX=sY . O
RCEBMINST. O
JCB0.0

TAMMAT 0.0
REGs1 . ©
TG0 .0
DPMAKsO. 0

bPMIwNzo 0
PPMS10.0
ROE:t.©
TbEsO0. 0O

RDAT. O
TDAsO.0
RPDs1.0
REDMARE Y. O

KPOMINY e

TFPD20.0

REEY . O -
Tre:0.0

A2+5.0
NFGs1. .0
TFGro.0
BETTA0.0

Kig''¢
Yos1 .0
¥»0.0
P81s0.0




PRINTS  ANGLES ARE MEASURED FROM THE HORIZONTAL.®

PRINYS

v
PRINTe ‘ENTER PIVOT LENGTH AND ANGLE,”
PRINTs, “SASED ON YNE PIVOY DESIGN:°
READs, RBA, TBA

: PRINYY

- PRINTS, “PIVOT LENGTH ¢ * . RBA

PRINTS, PIVOT ANGLE s
> PRINTS,

PRINTS,
TSASRAD(TRA)

SELECT BDOM LENC

TRRTNTS U VENTER WD
READS , RAE
PRINTS , ‘BOOM LENGTN * ° RAE

READs, BMMAX
PRINTS, "MAXIMUNM S00M ANGLE ¢ *, BMMANX

ENYURTWYE RN ROOR ANCTLE
[ Lol Ly
LOMINTNUM B0O0M ANGLE = ‘,BMMIN

. - )

Ce(COS{TOA-OMMIN)-3.24°COS(TBA-DMMAKX]}} /1. 12

MAX JMUM MYDRAULIC CYLINDER LENGYR IS
1.8X THE MINIMUM NYDRAULIC CYLINDER
LENGTN. 1IN THE PUTURE THIS BOUATION

TTTTUESHBUTY EE BERTVEDS TEE T THAY
MAK. LEMGTN & CONSTANT X MIN. LENGTN,
WHERE THE CONSTANT 1S ASSIGNED 1N A
SUBROUTINE OR FUNCTION.

21+ - {RBASC/RAE )4 { ({RDASC/RAE )ve2-as (RBA/RAZ)022)200.8
22 - {RBA*C/RAE)} - { IRDASC/AAE}202-49 (REA/RAE)*e2)es0D. .8
Temax{21,22)

AL RAE
PRINYs ‘BOOM CYLIMDER PIN LOCATION » ° RAR
PRINTS

RECAMIN: (RBASS240RACS2-22REASRAC=COS(TBA-BMMAX ) })e80.§
* 1. 8% In

SEY PREVIOUS COMMENT OM
MAN. LENGCTM o 1.8 X MIN. LENGTH.

PRINTS, ‘S00M CYINDER LENGYN: ' RCOMIN,® - °, RCEMAX
PRINTS,
PRINYS,

PRINTe , ANGLES ARE WOW MEASURED PROM THE
PRINT® ‘BOTTOM OF THE SOONM. *
PRINTS, .

SELECT DIPPER STICK LENGTHN AND RANGE OF MOTYION:
PRINTS, "ENTER DIPPER STICK LENGTH:*

READs, REC

PRINTS, ‘DIPPER STICK LENGTN » * REG

PRINTS,
T PRINYS, "ENTEN WAYTWON BYPPFER XRELE:”
READs, DPMAX
PRINTS, ‘MAXIMUM DIPPER ANSLE o °, DPMAX

PRINTS

TSN TNYS VENY R YN YRUNC O TFR R ARE LN
READS, DPMIN
PRINYS, “MINIMUM DIPPER ANGLE » ’ DPMIN
PRINTS

FETRYS TOTFPEN WASTE BY WOYYON ¢« °,ASSTOPRTW-DFRAXT
PRINTS,

PRINTS,

OPMAXSRAD{DPMAX )

TR RIWTRAS TEPMLE)

OPMS s (DPMAXCDPMIN]) /2
TORsDPMAX-DPMS+1 . 55808279

ITERATION FOR RDA AND TDA:

0.

YDAsTDACO. 0!1‘.38.
G0 o 10
ELse

END TF
N0 ITERATION

ROR*RAES (SIN{TDA)/SIN(TOE-TDA))

RPOMINSADE=({(1.0-0. llll.lvo-slllvnl)llt 48)ss0.8
RFDMAXNS . SoRPDMIN

MAN. LENCETM ¢ 1.8 X MIN. LENSTN.

PRINTS ‘DIPPER CYLINDER LENGYH: * RFOMIN,’ - ‘ RFDMAX

FRYNY
PRIN
RPEenDEesIN{YOR)

LE:
TFRITOR+ACOS((RPFDMINSS2-RFEs82-ADE2) /({-2eRFESRDE))
BETTAS]. 14188288/2.0-DPus

eeeee REFE (RPROS24RECEe2-2eRFESAECOCOS(NETTA }o00. s
- YEETVIPRALBE ((REVITESW SRECS ST (AS NP
TEFsTPR-ACOS{ (AR

S00M LINK:
PATNTS,

Iﬂl' ?I!l DUY'UT

] ., NETH - WAL, - AT ANGLE ‘. OEG(EMMAX}
ﬂl!lY? '*”"IUIUYB g L34 AY.[I"” VIUTYUL]
PRINYS, LRNETR °,RPE. AT ANGLR ‘,DRS(TOK)

PRINTS,
PRINTS URED PRON_THE WORIZONYAL. ‘

‘AmaiLaEs

.nxnv-:'-




FRANIS, PIFPER s iien INMFE wE.ERAMINGY § ARUM.
PRINTS

POARMAY THIS OUTPUT (SAME AS Asove)

PRINTS , ¢ LENGTH ARG, AT ANGLE °,DEC{OPmAX)}
PRINTS  * LENGTH ° RPFE,’ AT auGLS
PRINTS, ¢ LENGTN * REF.° AT ANGLE

PRINTS
PRINTS

“ANGLES MEASURED PROM THE’

PRINTs, ‘SBOTTOM OF THE BOGOM.°
PRINYS

FRYNTS

PRINTS “ALL ANGLES POSITIVE IN THR'

PRINTS, ‘COUNTERCLOCKWISE DIRECTION.®
PRIMTS,

PRINYS,
PRINTYS,

POSITION ANALYSIS:

X » DISTANCE ALONG NORIZONTAL
X s O AT pOOM PIVOT

v+ DYXVANTY KLOWC VERVICAL
Y 3 0 AT GROUND LEVEL
YO = NEIGHT 70 BOOM PIVOY

"""""" FRYREE Y ENCER T AR YN O TEEON S TVEY Y
READe YO

00 20 1%0,40,1

Wy
PEIIOMMINSDPMINCNSARS (DPNIN-DPMAX]/ 10O
X=sREACOS (BMMIN ) +RECSCOS{PS1)

Y VoS REACE TN (HMMINTSRECISYNT(PST)
ADD FORMATED PRINY STATEMENTS.
ELEE
END 1F

1F (10 .LE. T .AND. I .LT. 20) ThEN
Nij-10
SI=BMMINCHTARS [ BMMIN-SMNAX] /10

TREASCOSTPET)IRRESCOBIPSY SOPMAKY
YeYOSARAISIN(PS ) +REGSINIPSI+OPMAN)
ADD FORMATED PRINT STATEMERTS.

ELSE

NS IV

IF {20 .LR. 1 .AND. I .LT. 30) THEN
Nsl-20

TR T S MMA P MT WS N T AU T OPMY N B PN Y/ TS
N2REASCOS(BMMAX ) +REGECOS(PS])
YIVOSREASS IN{DMMAK ) sREGSSIN(PST)

ADD PORMATED PRINT STATEMENTS.

ELSE
enp IrF

IF {1 .GE. 30) THEN
.

PSIsBMMAX-NEARS [ SMMIN-BMMAX )/ 10
AsREASCOS(PSI)¢RECHCOSIPSIoOPMAX]
YIVOSREASSINIPSI ) +REGISIN(PSI+OPMAN]

L) £ 38
mnse
&Np 1P

PLACE FORMAT STATEMENTS NERE (WITHIN DO STATEMENT).

20 CaWrinue

STOP

1132
FUNCTION RAD{THETA)

RRAL TNETA, RAD, Pi
PARAMETER (PI:3.14189288)

RAB:YRETASFI7 183
eND
FUNCTION DECI{THETA)

"""""" FUNCHTON DEC CONVERTS ANELES T/ KATTANE YU DRCREES

REAL TMETA, DEG, PI
PARAMEYER (PI:3.14158288)

DECTTHETAC180/PY
(4 1]
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tITY Tassing QY4 ¥ T/
——=F (aomm) \
EEE 2 ,___.I__i N
B3N W7 104
S;f— sz. cE : r 7f.4.30n. @m
2523 A% !
L 1 1 l«;c? 17 ft. 4in. (5.28 m)
S 82in. (2.08 m) ‘
4 in. (100-mm) N\
Extendable dipperstick adds
approximateiy 4 . (1.22 m) 13R.5in
to all digging depth dimensions. (4.09 m)'
| 8 1. (2.44 m) 1417 in.
Fiat Bottom (4.45 m)
i clearance (minimum) ........ 1 ft. 0.9 in. (328 mm)
length (transport position) ...... 23ft.7in. (7.19 m)

width (less loader bucket) ......

6 ft. 10. in. (2.08 m)

v
*

14 ft. 5in. (4.39 m)
2 f. (610 mm) Flat Bottom
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Declision Matrix for Materials

o
o
e
g n ®
§ g & =
B B o
5 i 43 5
g 5 g2 3
=EET %
Y & B & P 3
E 0 B 9
t 2 8 @ 4 -
5. 8 23 3 2 3
£ © A # 8 O & o
< A @ m A © E ®
—_
Al Alloys 10 10 7 8 10 10 10| 65
Ti Alloys 10 4 9 9 6 3 10 51
Al-I1 Alloys 2 7 8 9 10 2 10| 48
Graphite Reinforced 3 9 8 10 8 1 8 47
Composites
Ceramics 9 4 8 6 2 7 2 (|38
Low Carbon Steels 10 1 10 6 8 10 101}l 55
Low Carbon Ni-Steels 8 10 10 6 8 10 10 || 62
Mg Alloys 10 4 9 7 8 6 4 |48

From the matrix, it is apparent that Al Alloys and Low Carbon

Ni-Steels should be looked at more carefully.



Al-202d

70

1000 psi

Tensné

strength

Yield slrquth

\

Specimens held 1000 hr
. ot temperalure, unsiressed,

before shori-time tension festing. \

k

i I i )
0.040-in. clad sheet
1 1 1

o . 100 200

300

Testing ldmperoluu, F

400

80

60

| | I
T3 clad sheet

—

0.040 in. thick

Tensile strength

50

N

40

]
H

30

| |
5 Specimens held 1000 hr
at temperature, unstiressed,

20

[l A ' A

Yield strength

before shori-fime tension testing.
A

v



"SLOW TEMPERATURE PROPERTIES

70

Charpy Impact - Ft-Lb.
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L -200 .. =100 0.
Temperature Degrees Fahrenhent
embrittlement of normaliszed low-ocarbon steels. (Keyhole

notoh.) All steels contain 0.10% oarbon except No. 1020 ..
(0.20’) and the 2‘ nickel steel (O.lm- ‘

. *l00




TANIDARD
MAXIMUM FOR ONE-HAND UPTIMUM AL EA FOR ONE
180 OPERATION (WITH HAND HOLD) OR TWO-HAND OPERATION

160 \ - = 903 XX
2 AL ) N
. \
: ))
TN

MAXIMUM FOR ONE-HAND
PERATION (NO HAND HOLD

[}

%40 100 60 20 20 60 100 140

- CENTIMETERS

EVA CREWMAN SIDE REACH ENVELOPE

MAXIMUM FOR TWO-HAND OPTIMUM AREA FOR ONE
OPERATION OR TWO-HAND OPERATIO
180 [
160
140
S
120
h )
?’“\ »
T and ™
100
\
N ‘
80 } .‘v'
~ LY
s.~ b
s0 X /ﬁ
\, \
l ‘sJ./ [ B LY ' \
. 4 ™y !
40i{MAXIMUM FOR (1
ONE-HAND W ’l /
20| OPERATION—Xw ——MAXIMUM FOR ONE-HAND —_
(NO HAND HOLD) OPERATION (NO HAND HOLD)}
0 1 1 1 by 1 4 1 1 1 1

o 40 § 80 120 160 200 240
CENTIMETERS

FIGURE 12. EVA CREWMAN FORE-AFT REACH ENVELOPE

3-22




(RIARMIIL
STARNDARID

110
130
4
1
I’
' -
t
\

-— \
HIP AND WAIST
WAIST MOBILITY
FLEXION/EXTENSION SIDE TO SIDE

ON ROTATION
SHOULDER
{(LATERAL-
MED'AI.,)
MOVEMENT
\ N ETH
‘ 130 '
SHOULDER 12
ADDUCTION/ 20
ABDUCTION

150

ANKLE EXTENSION HIP ABDUCTION
ANGLE FLEXION {(LEG STRAIGHT)

FTORQUE, INCHES
ANGLE OF MO TION

KNEE FLEXION (KNEELING)

TABLE Il. MOBILITY REQUIREMENTS (AT 4.0  0.20 PSIG) (CONTINUED)

ﬁd
F—
ELBOW FOREARM MOBILITY
{(FLEXION EXTENSION) WRIST ROTATION
22
180

SHOULDER FLEXION

SHOULDER
SHOULDER EXTENSION ROTATION
{X-Z PLANE)
(DOWN-uP)
40
120
I 2
24
70
SHOULDER ROTATION
HIP FLEXION (Y-Z PLANE) .
{(LATERAL-MEDIAL)

12
120

KNEE MOBILITY
FLEXION STANDING

3-21
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Backhoes - 9250, 9400
TM-1026 (Nov-69)

Hydraulic System 20
Control Valve Assembly 10-1

Group 10

CONTROL VALVE ASSEMBLY

GENERAL INFORMATION

ROD END CROND BUCKET
CYLINDER _ -

RETURN LINE

PISTON END
R.H. STABILIZER
CYLINDER

ROD END

pisTON END PISTON END

e . {RODEND
{UEFT-HAND "SiDE 'ggom

CYLINDER _ iSWING CYLINDER cyLINDER

R

.l ROD END
L.H. STABILIZER

i
aml mwl — QAL

PISTON END
L.H. STABILIZER
CYLINDER

CROWD ROD END PISTON END
CYLINDER BUCKET RIGHT-HAND SIDE  BOOM
CYLINDER  SWING CYLINDER CYLINDER

U 6377

Fig. 1-1dentitying Control Valve Parts (9250 shown)

The closed-center control valve (Fig. 1) is an as-
sembly of six individual double-acting vaives with a
plate on each end of the stack assembly. All hydrau-
lic action of the backhoe is controlied by the vaives,
with each valve controlling oil flow to and from one
cylinder. Refer to Fig. 2 for oil flow through the valve.

Relief valves are used in the crowd, boom, and
swing valve to protect these circuits from excessive
pressure.

As shown in Fig. 2, the oil flow through the closed-
center control valve is blocked by the end plate.
When a control lever is moved, oil under pressure is
directed to one of the working cylinders, through the
cylinder, back to the control valve, out the port plate

Lixto IR . S A,

T 18916

Fig. 2-Oil Flow in Control Valve
and back to the auxiliary return oil filter.

Oil flow through the swing valve section is shown in
Figs. 3and 4.




20 Hydraulic System
10-2 Control Valve Assembly

Backhoes - 9250, 9400
TM-1026 (Nov-69)

QUTLET LIFT RELIEF
CHECK VALVE

ANTI-CAVITATION
CHECK VALVE
—— T0
D —— CYLINDER
at s
N 5y
¥
| ; "I
a
2
7 I
INLET =
10 0
ok
ourEEI\\\ 3 1
\
il “ o
Ul =\ !
g e
] 10
ANTT-CAVITATION =N CYLINDER
CHECK VALVE 2
. i RELIEF
VALVE
LIFT ]
CHE C K ] 1

] [E® PRESSURE OIL
PRESSURE-FREE OIL
/] [ TRAPPED OIL

T 188317

Fig. 3-Swing Valve in Neutral Position

In the neutral position (Fig. 3), the spool blocks oil
flow to both ports. Any pressure oil leakage past the
spool is collected in the bleed-off grooves in the
spool.

As this leakage oil pressure builds, the load lift
checks in the spool open, allowing the leakage oii to
return to the reservoir. This prevents the leakage oil
from entering the port passages and causing the cyl-
inder rod to extend.

in the power position (Fig. 4), the pressure oil en-
ters the bore of the spool, unseats the load lift check,
and Hows through the port to the cylinder.

Return oil from the cylinder enters the bore of the
spool, unseats the load lift check, and returns through
the outlet passage to the reservoir.

DIAGNOSIS AND TEST

Refer to Group 5, "Diagnosing Malfunctions’ for
isolating component failures.

Litho in U.5.A.

' LIFT
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Fig. 4-Swing Valve in Power Position

Test the valves for leaks as follows:

Raise the loaded bucket a few feet off the ground
and shut off the engine.

Disconnect the dump line leading from the control
valve to the reservoir.

If the load settles and oil is leaking past the valve
spoaols, oil will leak from the disconnected oil line.

Reconnect the oil line and lower the bucket to the
ground.

If the check valves appear to be leaking, check as
follows:

Start the engine. Raise the ioaded bucket a few
feet off the ground, and return the control valve to
neutral.

Slowly move the control lever back to the raise
position. If the load settles before it begins to rise, the
check valve is probably leaking. Repeat the check
with the bucket control.
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